The physics of quantum, many-body systems underlies the whole ACQAO research program, and the methods outlined here are central to the analysis of quantum correlations in all of the ACQAO experiments. The development of tractable methods to simulate strongly correlated quantum systems of bosons and fermions is the goal of this research stream in quantum phase-space methods. The methods are based on the non-classical, positive-P techniques that were originally developed in quantum optics and are now being tailored to systems of massive particles, i.e., electrons, atoms or molecules.
The previous methods can be generalised and extended through stochastic gauges. The gauge techniques are able to deal with extremely complex irreversible master equations as well as unitary dynamics. Our simulation of time-reversible quantum dynamical behaviour in an interacting 10 23 particle system [1] involved the largest number of interacting quantum particles ever simulated from first principles and received a favorable commentary [2] in Nature's Research Highlights.
Another, more radical generalisation can be obtained through the use of new operator bases, which determine the basic structure of the method and its suitability to different physical situations. By means of a Gaussian representation, we have developed phase-space techniques for fermionic systems [3] . 
Application to the well-known Hubbard model has allowed simulation to very low temperatures without the usual sign problem [4, 5] . The figure shows energy E per site versus inverse temperature τ for a 2D Hubbard model with 16 × 16 sites with chemical potentials µ = 2 (solid), µ = 1 (dashed) and µ = 0 (dot-dashed). Curves without crosses give the number of particles per site for µ = 1 (dashed) and µ = 0 (dot-dashed). U/t = 4 and 100 paths initially. Dotted curves give an approximate sampling error.
Rapid advances in cold quantum gas experiments raise the possibility that quantum matter-wave properties of atoms may play a role in certain quantum-optical processes. When atoms are greater than one de Broglie wavelength from each other their fermionic or bosonic nature is unimportant. This condition holds for dilute high-temperature atomic samples, but not for degenerate quantum gases which are now readily available in laboratories around the world. It is thus necessary to develop methods which allow for a full quantum treatment of both the atomic and electromagnetic fields. In collaboration with L. I. Plimak at the University of Ulm and S. Rebic at the University of Camerino, we have applied phase-space techniques for the modelling of spontaneous emission in two-level bosonic atoms [6] , using the positive-P and Wigner representations. Using a simple model we find that the dynamics of spontaneous emission can depend sensitively on the quantum statistics of the initial states and on the quantum coherences between the initial and final states of the atomic fields.
